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Current Biology 25, R255-R268, March 30, 2015 ©2015 Elsevier Ltd All rights reserved with fi erce intensity. Most of these centered on science and/or the fl aws of its practitioners, often coupled with broader societal themes. He staged his plays in Vienna, London and New York and elsewhere, and had hoped to have reviews like Michael Frayn got for 'Copenhagen', for example, but these did not come. He also wrote four autobiographical works and in the fi nal one, published only months before his death, Djerassi delved into his motives behind these endeavors in fi ction and on the stage. One can admire him for the cleverness of his novels and plays, as well as a well-intended desire to convey science and its culture, but there was often a certain ponderous tone to the dialogue. Djerassi wanted his plays to not only be applauded by critics for their virtues as pure theater, but to have them be seen as exemplars of his statesmanship for the cause of science, analogous to the contributions of J.B.S. Haldane as an essayist or Carl Sagan as a populist. He may have fallen short on both of these laudable goals, but his endeavors deserve admiration.
Any chemist of Djerassi's accomplishment would hope for esteem in the guild, and this he surely had, as well as a wider circle beyond chemistry, including sociology. He received many honors including both the U.S. National Medal of Science and National Medal of Technology, and the fi rst Wolf Medal of Israel. As one who always referred to himself, correctly, as a displaced person, these surely were signifi cant. In the last decades of his life, Djerassi's unquenchable intensity was manifest by a very active triangulation between Vienna, London and San Francisco, even as his fi nal illness began to close in. Indeed, after his death his calendar was found to have entries of numerous lectures and trips scheduled way into 2015. He was predeceased by three wives and a daughter, and is survived by a son, grandson and stepdaughter.
Carl Djerassi gave very much to the world. He was as complex as he candidly portrayed himself, and leaves us saddened that we will no longer have the man and his works to surprise and stimulate us. What turned you on to biology in the fi rst place? I have always been fascinated by the biology and behaviour of animals (including humans). In particular, I have always felt driven to understand how biological mechanisms support complex cognitive processes such as conscious thought.
And what drew you to your specifi c fi eld of research? Early on I decided that conscious thought might be beyond our reach in current experimental neurobiology; however, conscious recollection -everyday memory -seemed more tractable and a good place to start investigating the neurobiology of high-order cognition. So, I quickly focused on the biological mechanisms of memory.
Who were your key early infl uences? I had the good fortune of interacting with three pioneers in the neurobiology of memory during my PhD training at the University of Michigan during the 1970s. My PhD supervisor Bernard Agranoff had discovered key steps in the molecular biology of memory, and early on in my training we were visited by Brenda Milner, who discussed her observations on memory loss following removal of the hippocampal area in the famous patient H.M. It became clear to me that I should pursue the territory between the molecular-cellular and the brain system levels to understand how the cellular mechanisms of neuronal activity support the phenomenology of memory. A promising avenue for this approach presented itself when I became aware of the work of Michigan's James Ranck, one of the pioneers in recording single neuron activity in the hippocampus of behaving rats. I was captivated by listening to neurons fi re during ongoing behaviour and by the possibility of discovering the neural 'code' for memories as the bridge between cellular mechanisms and cognitive phenomena in memory.
Do you have any neuroscience heroes? Among my heroes are the pioneers I met early in my career, and others who made major breakthroughs in this fi eld, including James McGaugh, who pioneered neurobiological studies on memory consolidation, and Neal Cohen and Larry Squire whose studies on amnesia led a revolution in distinguishing multiple memory systems in the brain. I'll say a little more about James Ranck (in whose lab I fi rst listened to hippocampal neurons fi ring in behaving rats). In 1973, he published an insightful and detailed (70 pages) categorization of the behavioural correlates of hippocampal neuronal activity. In it, Ranck commented that spatial fi ring characteristics described in a preliminary report by John O'Keefe could be the entire basis of the apparent behavioural properties he had observed. Ranck's elegant observations on complex natural behaviours encoded by hippocampal neurons was subsequently lost in the excitement about place cells, but his intuitions opened a window to the broad range of experience captured in hippocampal neuronal activity.
Which historical scientist would you like to meet and what would you ask her or him?
In the fi eld of hippocampal research, there are two prominent views. One view, based on the observations on amnesic patient H.M., is that the hippocampus supports memory. The other view is based on O'Keefe's discovery of hippocampal place cells -neurons that fi re when an animal occupies a specifi c location in its environment. What is the best advice you've been given? Agranoff told me: choose a hypothesis to explore, outline the stepwise series of experiments that would test ever more risky predictions of your hypothesis, and then pursue the last of those experiments fi rst. Once the riskiest predictions are confi rmed, the earlier experiments are just 'clean-up'.
What's your favourite experiment?
My favourite is not a single experiment, but the combination of recent experiments in comparative neurobiology that have provided insights into how the hippocampus supports memory, including how space is involved in memory in animals and humans. One set of experiments provides unambiguous evidence that the hippocampus is critical for memory performance in animals that mimics fundamental properties of human conscious recollection. Another set of experiments revealed that hippocampal neurons encode successive moments in temporally structured experiences, consistent with the characterization of recollections as organized by the fl ow of events in time. And yet another set of experiments has revealed that hippocampal neuronal populations systematically bind related events in space and time. The combined fi ndings suggest that the hippocampus creates a 'memory space', an associative network organized by physical space, the fl ow of time, and potentially other relevant dimensions by which events are related (which is what I believe Tolman meant by his notion of a cognitive map).
What has been your biggest mistake...? I have made lots of mistakes. My biggest failure is my inability to convince my very clever colleagues who study hippocampal function in spatial navigation that they are on the wrong track and should instead contribute their considerable expertise to unravelling the biology of memory.
Do you believe there is a need for more crosstalk between biological disciplines? My desire to bridge between the cellular-molecular and behavioural-cognitive levels of memory is hampered by a lack of crosstalk between practitioners in each discipline. I believe crosstalk could generate a language for describing the circuit or network information processing mechanisms by which cellular activity ultimately supports cognitive functions. We all too often refer to cells that 'code' a place, a memory, or a feeling, whereas cells do no such things. We need to identify the basic information processing functions that cells and circuits do perform, and show how these basic functions enable the expression of complex cognitive phenomena we experience as places, memories, and feelings.
What do you think are the big questions to be answered next in your fi eld? As refl ected in President Obama's BRAINs initiative, we need new approaches to monitoring, manipulating, and analysing neural populations that will allow us to understand how brain networks, circuits, and systems perform functions that support higher order cognition. Within the fi eld of memory, we need to scale up our capacity to record, interpret, and manipulate the activity of large populations of neurons both within the hippocampus and among the full system of brain structures with which the hippocampus interacts. Combined with a deeper knowledge about the basic elements of information processing performed by these areas, we then can work towards a comprehensive understanding of how memory works.
If you could ask an omniscient higher being one scientifi c question, what would it be and why? Did you make the brain so complicated just to entertain me or to drive me crazy?
